19 Time series of satellite data provide unparalleled information on the response of vegetation to 20 climate variability. Detecting subtle changes in vegetation over time requires consistent 21 satellite-based measurements. Here, we evaluated the impact of sensor degradation on trend 22 detection using Collection 5 data from the Moderate Resolution Imaging Spectroradiometer 23 (MODIS) sensors on the Terra and Aqua platforms. For Terra MODIS, the impact of blue band 24 (Band 3, 470nm) degradation on simulated surface reflectance was most pronounced at near-25 nadir view angles, leading to a 0.001-0.004 yr -1 decline in Normalized Difference Vegetation 26 Index (NDVI) under a range of simulated aerosol conditions and surface types. Observed trends 27 MODIS NDVI over North America were consistent with simulated results, with nearly a 28 threefold difference in negative NDVI trends derived from Terra (17.4%) and Aqua (6.7%) 29 MODIS sensors during 2002-2010. Planned adjustments to Terra MODIS calibration for 30 Collection 6 data reprocessing will largely eliminate this negative bias in NDVI trends over 31 vegetation. 32
data from well-calibrated sensors [Slayback et al., 2003] and careful attention to uncertainties 41 associated with atmospheric correction [Nagol et al., 2009 ] and sensor degradation. 42 Data from the Moderate Resolution Imaging Spectroradiometer (MODIS) sensors on board the 43 NASA Terra (2000-present) and Aqua (2002-present) satellites provide a unique opportunity to 44 assess the consistency of satellite-based measurements. Data products from both sensors are 45 generated using consistent algorithms, and MODIS standard products support a range of 46 science applications (e.g. [Esaias et al., 1998; Justice et al., 2002; King et al., 2003] 65 Sensor degradation is a common occurrence as satellite instruments age in the harsh space 66 environment. In theory, sensor calibration using onboard apparatus can correct for sensor 67 degradation, but in practice, the solar diffuser, stimulation lamps, and stability monitors (frame), spectral band, and mirror side were fitted using a second-order polynomial to estimate 80 degradation for days since launch (DSL):
(1) 82 To estimate the impact of planned changes in sensor calibration for Collection 6 (C6) MODIS 83 reprocessing (scheduled for late 2011), we adjusted the C5 degradation coefficients using the 84 ratio of C5:C6 TOA reflectance for the Libya 4 site ( Figure S1 ). Prototype C6 TOA data were 85 generated over selected targets to evaluate the impact of calibration changes on MODIS data 86 products. C6 data for the entire MODIS time series will not be available until at least 2012. 87 Therefore, we also estimated the potential for continued degradation in C5 Terra data by 88 extending the fitted degradation curves to 2013 ( Figure S2 ). 89 90 We used the time-dependent degradation coefficients for C5 Terra MODIS data to simulate the 91 impact of sensor degradation on trends in NDVI over boreal North America during 2000-2010. 92 The simulation included three major steps. First, we generated 11-year time series of TOA Table S1 ). In general, rates of declining NDVI were similar for tundra 185 and forest types when comparing simulations with the same AOD and VZA (Figure 2, S4) . Low 186 and high scenarios bounded the likely impacts of sensor degradation on time-varying trends in 187 Terra MODIS C5 NDVI of -0.001 ~ -0.004 yr -1 (see Supplemental Materials and Tables S2, S3 ). in simulations using C6 calibration information (Table S4) . 192 The systematic NDVI decrease from Terra MODIS sensor degradation could bias trend detection and Aqua. For the pixels with statistically significant trends in both maps, the mean difference 214 between Terra and Aqua NDVI trends was -0.002 yr -1 ( Figure S5 ), similar to the simulated 215 decline in Terra MODIS NDVI from sensor degradation. * -0.0008 -0.0008 -0.0012 -0.0023 -0.0031 -0.0027 -0.0023 -0.0011 -0.0010 0.0023 0.0034 Desert * -0.0008 -0.0008 -0.0012 -0.0023 -0.0031 -0.0027 -0.0023 -0.0011 -0.0010 0.0023 0.0034 Bio Burning * -0.0006 -0.0007 -0.0010 -0.0019 -0.0028 -0.0024 -0.0021 -0.0009 -0.0008 0.0022 0.0032 MS2 Continental 0.0003 * -0.0007 -0.0019 -0.0023 -0.0033 -0.0030 -0.0022 -0.0016 -0.0013 0.0031 0.0053 Desert 0.0003 * -0.0007 -0.0018 -0.0023 -0.0033 -0.0031 -0.0022 -0.0016 -0.0013 0.0031 0.0053 Bio Burning 0.0003 * -0.0005 -0.0016 -0.0020 -0.0029 -0.0027 -0.0019 -0.0014 -0.0011 0.0028 0.0048 * no significant trend detected 
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